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Objectives: We investigated the genotoxicity of two chemicals, methyl formate and 2-methylbutane, using male ICR mice bone 
marrow cells for the screening of micronucleus induction. Although these two chemicals have already been tested numerous 
times, a micronucleus test has not been conducted and the amounts used have recently been increased.
Methods: 7 week male ICR mice were tested at dosages of 250, 500, and 1,000 mg/kg for methyl formate and 500, 1,000, and 2,000 
mg/kg for 2-methlybutane, respectively. After 24 hours of oral administration with the two chemicals, the mice were sacrifi ced 
and their bone marrow cells were prepared for smearing slides.
Results: As a result of counting the micronucleated polychromatic erythrocyte (MNPCE) of 2,000 polychromatic erythrocytes (PCE), 
all treated groups expressed no statistically signifi cant increase of MNPCE compared to the negative control group. There were no 
clinical signs related with the oral exposure of these two chemicals.
Conclusion: It was concluded that the two chemicals did not induce micronucleus in the bone marrow cells of ICR mice, and 
there was no direct proportion with dosage. These results indicate that the two chemicals have no mutagenic potential under 
each study condition.
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Introduction
The necessity for a chemical hazard assessment has increased 
because the number of  workers exposed to chemicals has 
risen with the development of chemical industries. The in vivo 
micronucleus test was performed on mammalian bone marrow 
cells treated with two chemicals of methyl formate (CAS No. 
107-31-3) and 2-methylbutane (CAS No. 78-78-4) for which 
the definitive information is insufficient. The toxicological 
information on these two chemicals as gained in this study will 
be used to promote workers’ rights to know and to prepare or 
update the material safety data sheet (MSDS) for these chemi-
cals.
Methyl formate (C2H4O2), with a molecular weight 
of  60.05, is a colorless liquid [gas above 89oF], and has an 
agreeable odor [1,2]. It has a boiling point of  31.5oC and a 
melting point of –99.8oC [3]. It is soluble in ether, chloroform; 
miscible with ethanol, and shows 230,000 mg/L water 
solubility at 25oC [4]. It is a flammable liquid, so if  mixed with 
water or flammables an irritating vapor is produced [5]. It is 
a serious fire hazard when exposed to heat or flames [6]. It is 
used as a high-boiling refrigerant for household appliances [7], 
solvent; and is an intermediate for dimethylformamide, and a 
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fumigant and larvicide for tobacco and food crops.
Its Occupational Safety and Health Administration 
(OSHA) Permissible Exposure Limit (PEL) for an 8-hr Time 
Weighted Average (TWA) is 100 ppm (250 mg/m3) [8], and the 
15 min Short Term Exposure Limit (STEL) is 150 ppm [9]. The 
National Institute of Occupational Safety and Health (NIOSH) 
Recommended Exposure Limit (REL) for 10 hr TWA is 100 
ppm (250 mg/m3), and for 15 min STEL is 150 ppm (375 mg/
m3). The immediate danger level to life or health is 4,500 ppm 
[2]. The LD50 value is 1,500 mg/kg b.w. (rat, oral). The LC50 
of rat inhalation is over 5.2 mg/L/4 hr, the LD50 of rat dermal 
is over 4,000 mg/kg b.w., the LD50 of rabbit oral is 1,622 mg/
kg [6], and the LC50 of  mouse inhalation is 7.48 mg/L/3 hr 
[10]. One of the effects among workers occupationally exposed 
to methyl formate and other solvents (30% methyl formate, 
in addition to unspecified amounts of ethyl formate and ethyl 
and methyl acetate), involves visual disturbances (temporary 
blindness in 1 case), CNS depression, irritation of the mucous 
membranes, and dyspnea [11]. Exposure to its vapor has been 
reported to produce retching and CNS depression [12].
The genotoxicity of  methyl formate was negative in the 
Ames test using Salmonella typhimurium strains TA 1535, TA 
100, TA 1537, and TA 98 at concentrations of  20-5,000 μg/
plate with and without metabolic activation [10].
2-methylbutane (C5H12, M.W. 72.149) is a volatile 
liquid or gas, and has a pleasant gasoline-like odor [13]. The 
boiling point is 27.8oC at 760 mmHg and the melting point 
is –159.77oC [14]. It is miscible with alcohol and ether [15], 
soluble in hydrocarbons, oils, while 48 mg is soluble in 1 
liter of  water at 25oC [16]. Its major uses are as a solvent for 
manufacturing chlorinated derivatives, a blowing agent for 
polystyrene, and it is also used to produce amylnaphthalenes 
and isoprenes [16]. Direct contact of liquid hydrocarbons with 
lung tissue (aspiration) will result in chemical pneumonitis, 
pulmonary edema, and hemorrhage [16]. In dogs, 120,000 ppm 
of 2-methylbutane was required to induce light ane sthesia. Acute 
exposure to 2-methylbutane at levels of 150,000 to 170,000 ppm 
was lethal to dogs [17]. Exposure to 90,000 ppm for 11 minutes 
showed light anesthesia. At higher concentrations of 110,000 
and 120,000 ppm, the CNS depression effect appeared within 2 
and 4 minutes of exposure, respectively [15].
The mutagenic activity of  2-methylbutane has been 
assayed using the Ames test at the concentration of  100,000 
ppm. It is not mutagenic both in the presence and absence of a 
metabolic activating system [15]. The LC50 of 2-methylbutane 
for mouse inhalation is 450 mg/L/2 hr [17], 1,000 mg/L/1 
hr (estimated) [15], or 140,000 ppm/2 hr [15] separately. 
2-methylbutane is negative in sex-linked recessive lethal assays, 
in postmeiotic and meiotic germ cells of  male Drosophila 
melanogaster at 26,000 ppm by injection or feeding. The Ames 
test using Salmonella typhimurium strains TA98, TA100, 
TA1535, TA1537, and TA1538 was performed with and with-
out metabolic activation. The plates were exposed to gas mix-
tures for 6 hours and incubated at 37oC for an additional 40 to 
45 hours. 2-methylbutane was toxic at concentrations of 10% 
and above. Further studies were carried out at 1, 2, 5, and 8% 
concentration levels and showed no mutagenicity at these lower 
concentrations [17].
As per the above, many tests have been conducted other 
than the micronucleus test. The purpose of this micronucleus 
in duc tion is to screen the cytogenetic damage that results in 
the for mation of micronuclei containing lagging chromosome 
frag ments or whole chromosomes. Micronuclei were first used 
to quantify chromosomal damage by Scott and Evans [18] in 
the root tips of broad beans, Vicia faba. The assay is now re-
cog nized as one of the most successful and reliable assays for 
genotoxic carcinogens, performed in this study with methyl 
formate and 2-methylbutane.
This study will contribute to improving the testing of 
chemicals by generally used genotoxicity testing methods, as 
well as investigations on the underlying mechanism and the 
interpretation of genotoxicity data on hazardous chemicals.
 
Materials and Methods
Chemicals and animal feeding conditions
Methyl formate (Sigma, St Louis MO, USA, Lot No. 12890BH, 
99%) and 2-methylbutane (Sigma, St Louis MO, USA, Lot 
No. 01043LH, 99+%) were used as the test chemicals. Olive 
oil (Sigma, St Louis MO, USA, Lot No. 058K0684) was used 
as a solvent according to the results of the solubility test. The 
positive control used mitomycin C (MMC) (Sigma, St Louis 
MO, USA, Lot No. 028K1815).
Animals and experimental design
The mouse (Mus musculus) bone marrow micronucleus test 
was carried out according to OECD guidelines (TG 474, 1997) 
[19]. Groups of  specific pathogen free (SPF) male ICR mice 
were treated with the test substance at three dosage levels, the 
highest dosage level being the estimated maximum tolerated 
dose or the standard limit dose for the micronucleus test, 
whichever is least. Concurrent negative and positive control 
groups were also treated. It was performed using 7 week-old 
male ICR mice at 250, 500, and 1,000 with methyl formate and 
500, 1,000, and 2,000 mg/kg dosages with 2-methlybutane, 
respectively. At 24 hours after treatment with the two chemicals 
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administered orally there were normally 6 male animals per 
group. The experimental animal room was maintained at 
a temperature of  22oC (± 3oC) and relative humidity of  50-
60%. The animal studies were approved by an animal ethics 
committee to ensure that appropriate animal care before the 
animals was obtained for research.
Bone marrow preparation and micronucleus test
Bone marrow cells were obtained from the femurs immediately 
fol lowing sacrifice. Immature erythrocytes could be differen-
tiated using a variety of staining techniques that rely on their 
relatively high content of residual DNA. 4% Giemsa was used 
for mouse bone marrow/peripheral blood and stained im-
mature erythrocytes blue, while the mature erythrocytes with 
a low nucleic acid content appeared pinkish orange. Based on 
the cell cycle and maturation times of  the erythrocytes, the 
bone marrow was harvested after 24 hours. The bone marrow 
was flushed from the femurs and spread onto slides. The slides 
were air-dried, fixed, and stained with a fluorescent DNA-
specific stain that easily illuminates any micronuclei that may 
be present. The 2,000 polychromatic erythrocytes (PCEs, 
reticulocytes; immature erythrocytes) were scored per animal 
for the frequency of  micronucleated cells in each of  the 6 
animals per dosage group. In addition, the percentage of PCEs 
among the 500 erythrocytes in the bone marrow was scored for 
each dosage group as an indicator of chemical-induced toxicity.
The presence of  micronucleated polychromatic eryth-
rocytes was visually scored (at least 2,000 cells per mouse) 
by op tical microscopy using a fluorescence microscope 
(Opti phot-2, Nikon, Tokyo, Japan) with a BA-2 filter. Cells 
were considered to be micronucleated when they neatly 
contained defined chromatin corpuscles with a diameter of 
less than one-third the diameter of the cell nucleus and stained 
equal or lighter than the nucleus of  the cell from which the 
micronucleated cell was developed.
Evaluation and data analysis
Data were presented as the mean number of  micronucleated 
cells per 2,000 cells for each treatment group. The final con-
clusion for a micronucleus test was determined in consideration 
of the results of the statistical analyses. 
The experimental and control micronucleus frequency 
for each specimen within and between the different mice 
strains were compared with the One Way ANOVA test and the 
Kruskal-Wallis tests (α=0.05) using the SigmaStat v. 3.11.
Results
Animal body weights with oral exposure to methyl 
formate and 2-methylbutane
There were no specific symptoms among animals orally ex-
posed to methyl formate and 2-methylbutane. The ranges 
of  body weights of  animals exposed to methyl formate 
and 2-methylbutane were 35.45-41.14 g and 34.81-39.88 g, 
respectively (Table 1).
Frequencies of micronucleus induction and 
cytotoxicity
The preliminary tests were performed as a limit test to deter-
mine the maximum dosage. The inhibition of proliferation in 
the bone marrow cells was not observed in these tests for the 
two chemicals.
Table 1. Animal body weight in micronucleus tests with oral exposure to methyl formate and 2-methylbutane
Exposure method Concentration No. of animals Average body weight  (mean ± SD)
Orally exposed to methyl formate for Negative control (Olive oil) 6 37.87 ± 1.25 g
  24 hours 250 mg/kg b.w. 6 37.89 ± 1.33 g
500 mg/kg b.w. 6 37.82 ± 1.52 g
1,000 mg/kg b.w. 6 37.87 ± 1.41 g
Positive control (MMC, 0.5 mg/kg b.w.) 6 38.16 ± 1.72 g
Orally exposed to 2-methylbutane Negative control (Olive oil) 6 38.28 ± 1.04 g
  for 24 hours 500 mg/kg b.w. 6 38.10 ± 1.28 g
1,000 mg/kg b.w. 6 37.68 ± 1.61 g
2,000 mg/kg b.w. 6 38.03 ± 1.00 g
Positive control (MMC, 0.5 mg/kg b.w.) 6 38.00 ± 1.33 g
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The frequencies of  erythrocytes with micronucleus 
induction were 0.15±0.06%, 0.16±0.07%, 0.20±0.06%, and 
0.18±0.05% in the negative control group, and 250, 500, and 
1,000 mg/kg in the methyl formate treated group, respectively. 
The ratios of  PCEs (polychromatic erythrocytes) within total 
erythrocytes were 49.70±18.44%, 54.04±7.40%, 55.94±7.40%, 
and 49.15±4.43% in the negative control group, and 250, 500, 
and 1,000 mg/kg in the methyl formate treated group, res-
pectively. Statistically significant changes were not observed 
compared with the negative control group (Table 2).
The frequencies of erythrocytes with micronucleus induc-
tion were 0.09±0.05%, 0.22±0.11%, 0.16±0.11%, and 0.22± 
0.07% in the negative control group, and 500, 1,000, and 
2,000 mg/kg in the 2-methylbutane treated group, respectively. 
The ratio of  PCEs (polychromatic erythrocytes) within total 
erythrocytes were 49.32±13.30%, 53.34±9.78%, 53.80±9.16%, 
and 43.78±9.55% in the negative control group, and 500, 
1,000, and 2,000 mg/kg in the 2-methylbutane treated group, 
respectively. There were no statistically significant changes 
observed compared with the negative control group (Table 3).
Discussion
 
In Korea, roughly 20,000 tons of methyl formate is used every 
year, around 900 workers deal with it, and about 380,000 tons 
of 2-methyl butane is used. However, the numbers of workers 
dealing with it is yet to be fully explored and ascertained. The 
National Institute of Occupational Safety and Health (NIOSH, 
NOES Survey 1981-1983) has statistically estimated that 7,738 
workers (1,402 of  whom are female) are potentially exposed 
to methyl formate in the US. Monitoring data indicate that 
the general population may be exposed to methyl formate via 
the inhalation of  ambient air and the ingestion of  food and 
drinking water [20]. The production of  methyl formate as 
a food additive, solvent, and organic synthesis intermediate 
[17,21] may result in its release to the environment through va-
Table 2. Results of the main micronucleus test with methyl formate (for 24 hours)
Groups
PCE* 
observed
MNPCE† 
observed
MNPCE 
frequency (%)
(PCE + NCE‡) 
counted
PCE 
counted
PCE/
(PCE + NCE) (%)
Negative control      2,038 ± 22.01      3 ± 1.26 0.15 ± 0.06      523 ± 9.72   259.5 ± 93.47 49.70 ± 18.44
250 mg/kg b.w.      2,032 ± 16.89 3.17 ± 1.47 0.16 ± 0.07 522.83 ± 17.22 283.17 ± 45.73 54.04 ± 7.40
500 mg/kg b.w. 2,049.33 ± 42.90 4.17 ± 1.17 0.21 ± 0.06 526.67 ± 13.17      294 ± 33.78 55.94 ± 7.40
1,000 mg/kg b.w.   2,030.5 ± 10.21 3.67 ± 1.03 0.18 ± 0.05 520.33 ± 12.44 255.83 ± 24.33 49.16 ± 4.43
Positive control      2,063 ± 42.91    27 ± 11.37 1.32 ± 0.56 536.33 ± 24.34 279.67 ± 90.38 52.49 ± 18.86
*PCE: polychromatic erythrocyte. †MNPCE: micronucleated polychromatic erythrocyte. ‡NCE: normochromatic erythrocyte. 
Compared with negative control p < 0.05. 
All values are expressed as mean ± SD.
Table 3. Results of the main micronucleus test with 2-methylbutane (for 24 hours)
Groups
PCE* 
observed
MNPCE† 
observed
MNPCE 
frequency (%)
(PCE + NCE‡) 
counted
PCE 
counted
PCE/
(PCE + NCE) (%)
Negative control 2,020.17 ± 13.21   1.83 ± 0.98 0.09 ± 0.05      520 ± 18.67   254.5 ± 62.10 49.32 ± 13.30
500 mg/kg b.w. 2,036.67 ± 23.61     4.5 ± 2.26 0.22 ± 0.11 526.83 ± 23.12 279.33 ± 41.05 53.34 ± 9.78
1,000 mg/kg b.w.      2,065 ± 39.79   3.33 ± 2.16 0.16 ± 0.10 524.67 ± 15.29 282.17 ± 47.27 53.80 ± 9.16
2,000 mg/kg b.w.      2,028 ± 21.13     4.5 ± 1.52 0.22 ± 0.07 527.67 ± 25.38 230.17 ± 48.22 43.78 ± 9.55
Positive control      2,049 ± 23.78 36.33 ± 10.09 1.78 ± 0.50   547.5 ± 59.15 209.67 ± 61.24 38.97 ± 12.97
*PCE: polychromatic erythrocyte. †MNPCE: micronucleated polychromatic erythrocyte. ‡NCE: normochromatic erythrocyte. 
Compared with negative control p < 0.05. 
All values are expressed as mean ± SD.
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rious waste streams. Methyl formate’s use as a fumigant and lar-
vicide [1,17] will lead to its direct release into the environ ment. 
NIOSH has also statistically estimated that 6,605 workers (1,247 
of whom are female) may be exposed to 2-methylbutane in the 
USA. Monitoring data indicate that the general population may 
be exposed to 2-methylbutane via the inhalation of ambient air 
and contact with gasoline. They have also statistically estimated 
that 6,605 workers may be exposed to 2-methylbutane in the 
USA [22]. Expected ground level concentrations in US urban 
air ranges from 50 to 350 ppb [23].
Section 8 (a) of  the Toxic Substances Control Act (TSCA) 
requires manufacturers of  this chemical substance to report 
pre liminary assessment information concerned with its pro-
duction, exposure, and use to the United States Environmental 
Protection Agency (EPA) as cited in the preamble in 51 FR 
41329. The section 8 (d) model rule requires manufacturers, 
importers, and processors of  listed chemical substances and 
mixtures to submit to the EPA copies and lists of unpublished 
health and safety studies. Methyl formate is included on this list 
[24].
In addition, the methods of  assessment have been de-
veloped to provide indirect evidence of potential DNA damage 
or protective activities; for example, antioxidant effects can 
be monitored by measuring the lipid peroxidation and by 
measuring the formation of  oxidized macromolecules. The 
DNA reactivity of  compounds can further be measured in 
vitro in experiments with individual DNA bases or with 
isolated DNA. Further, enzyme measurements may provide 
information on processes that are associated with DNA 
protection [25]. The major advantage of  methods that detect 
primary DNA damage is that no cell divisions are required. 
Therefore, such measurements can be carried out by not di-
viding or slowly dividing cells in culture or with primary cells 
isolated from various inner organs. UDS experiments measure 
“unscheduled” DNA synthesis caused by repair processes, 
and are based on the determination of  the incorporation of 
3H-labeled thymidine into DNA using autoradiography [26]. 
This method has been largely replaced with single-cell gel 
electrophoresis (SCGE) or “comet” assays intervention trials. 
In this approach, the formation of  “comets” formed due to 
the migration of DNA in an electric field is used as a measure 
of  DNA damage. The procedure allows for the detection 
of  single- and double-strand breaks, apurinic sites, and 
conformational alterations of the DNA. Furthermore, lesion-
specific enzymes of  microbial origin (endonuclease III and 
formamidopyrimidine glycosylase) can be used to monitor the 
endogenous formation of oxidized bases [27]. More recently, 
protocols were developed that enable examiners to study any 
modifications of repair processes and alterations of sensitivity 
toward dietary carcinogens and DNA repair [28]. 
At present, attempts are being made to validate and stan-
dardize this relatively new technique that is also incre asingly 
being used in antimutagenicity studies. For a description of 
the guidelines see Tice et al. [29]; a review describing recent 
developments in regard to dietary human intervention trials 
can be found in reference [30]. In gene mutation assays 
with bacteria (e.g., in the salmonella/microsome assay), the 
induction of  amino acid auxotrophy (e.g., his– → his+) or 
re sistance toward antibiotics is used as an end point, whereas 
in ex periments with mammalian cells, resistance toward an-
timetabolites that interfere with the synthesis of  DNA bases is 
used for the detection of  gene mutations (e.g., TGr, HPRT). 
Chromosomal aberrations (CAs), both structural and numeri-
cal, can be detected microscopically in metaphase cells. By 
using fluorescence in situ hybridization (FISH), individual 
chromosomes or chromosomal regions can be distinguished, 
and alterations such as translocations that are missed with 
conventional techniques can be detected. Micronucleus (MN) 
formation results either from chromosome breakage (clas-
togenicity) or aneuploidy. By using pancentromeric probes, it is 
possible to draw conclusions if  MN is formed as a consequence 
of  chromosomal breakage (clastogenicity) or aneuploidy. 
Some authors have described sex as an important variable in 
the micronucleus test [31], with males generally more sensitive 
to the induction of micronuclei than females. However, other 
studies have shown no sex-related differences in micronucleus 
test results [32].
It was reported that alkaline (pH 13) SCGE assay is highly 
effective in detecting base oxidation and DNA single-strand 
breakage (SSB) with ROS. It is applied as a study with cellular 
repair activity with DNA segments for revealing or amplifying 
the genotoxic effects and for measuring the repair activity with 
DNA repair enzymes or the inhibition of  DNA damage by 
antioxidants, as well as for quantitative measurements of  the 
specific oxidative base [33,34]. Based on this study, we suggest 
that future studies be directed toward chronic inhalation, 
carcinogenic tests, and so on. It is suggested that further investi-
gations, such as Fragment Length Analysis using Repair 
Enzymes (FLARE) assay, Comet assay with repair enzyme as 
Fpg, Endo III, and real time Reverse Transcription-Polymerase 
Chain Reaction (RT-PCR), and other developing tools, be 
performed. Further, performing these tests with many other 
chemicals would be useful as a biomarker for chemical risk 
assessment.
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